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Project start date: 2004
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Understanding the relationship between alloy 
composition and bipolar plate performance
•
 
Study possible coating materials and surface 
modification preparations and methods
•
 
Develop suitable alloys/coatings/surface 
modification processes to meet the DOE goals
–
 










Collaborate with ORNL to evaluate nitrided surfaces and 
develop new alloy composition for PEMFC 
•
 
Corrosion testing of new alloys (specially the low cost, 
high Mn/N alloys) and coatings
•
 
Optimize the deposition procedure of conductive coating 
deposition for low interfacial contact resistance and high 
corrosion resistance in PEMFC environments
•
 




Complete the investigation of austenitic stainless steels in 




Wide choices of alloys, low cost, 




High strength allowing thin plates 
for high power density
•
 




Existing low cost/high-speed high-
 volume manufacturing pathway 




Surface oxides provide 
excellent corrosion 




Possible contamination of 
the membrane by dissolved 






Improving and adjusting the alloy composition 




Influence of added alloying elements on the nitrided 




Influence of nitridation conditions on the contact 




Filed a joint patent application for the nitridation of 
446 steel, exploring suitable nitrided alloys for 
PEMFC bipolar plates




As-nitrided surface is a 
complex oxygen-nitrogen 
mixture with Cr, Fe
•
 
ICR shows order of 
magnitude reduction from 






























Polarized 7.5h @0.84 V vs SHE, bare AISI446
Fresh bare AISI446




Ferritic alloy, Fe-based, high Cr, low Ni, low cost




, 2ppm F-, 70ºC
9Exploring Nitriding of Commercially Available 


















































Nitrided Type 446 (Control)
Nitrided ORNL Modified 446




modified surfaces are 
not a dense Cr nitride 
layer, but rather Cr-
 nitride particles interdispersed in the 
oxide, such that the ICR 




oxygen helps keep the N 
from forming extensive 
internal nitridation 
precipitates, which can 
initiate corrosion. 
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Polarized in PEMFC environments
As nitrided
DOE 2010 Goal
Potentiostatic test in PEMFC cathode 
environment, 0.84V vs. SHE, air
Effect of polarization on the ICR of 
nitrided AL29-4CTM
 
alloy. Note that 2x 
ICR is used.Current in PEMFC anode (-0.1V, H2
 
) 
environment stabilizes at -3.0 µA/cm2




, 2ppm F-, 70ºC
11



















































































Outmost surface Deeper view
Note: The extent of the nitridation reaction is very low to keep
 
nitride layer thin (0.1 to 1 micron).
Jadoo Power Systems
 
(www.jadoopower.com) will be testing a 
small stack using nitrided Al29-4C metal bipolar plates.
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Continuing Survey of Low-Cost Stainless 
Steel Alloys




































































The goal of this task is to look for other possible low-cost alloys that 
would be good candidates as bipolar plates or for surface modification 
or for coating experiments.
13
Interfacial Contact Resistance of the 200 Steels
•
 
Type 201 gives similar or lower 
ICR values than 316L, while 
much higher ICR values 
obtained with AL219---could be 




















































Alloy N Cr Ni Mn Mo
201 0.067 16-18 3.5-5.5 5.5-7.5 -




















DOE Goals vs. Alloy
Goal/Alloy ICR@140 N/cm2
mΩ⋅cm2 
Current @ –0.1V 
(H2), µA/cm2 




DOE2010 Goal 10 < 1 < 1 6 
316L 154 +2.5 ∼ +12 0.7 ∼ 11 3.41 
349TM 110 -4.5 ∼ -2.0 0.5 ∼ 0.8 3.61 
AISI446 190 -2.0 ∼ -1.0 0.3 ∼ 1.0 4.08 
2205 130 -0.5 ∼ +0.5 0.3 ∼ 1.2 3.53 
Nitrided 446 6.0 -1.7 ∼ -0.2 0.7 ∼ 1.5 N/A 
201 158 -0.5 ∼ +8.5 0.8 ∼ 2.0 2.18 
AL219 730 -3.3 ∼ -1.5 1.0 ∼ 3.0 2.65 
Nitrided AL29-
4CTM 
6.0 -6.5 ∼ -3.0 0.3 ∼ 0.5 N/A 
Note: Cost data were based on the average 2005 trading price of cold rolled coil 316 steel at 
London Metals Exchange and the market prices of the metals. The assumed stack was 6 cells/kW 
for a PEMFC and the dimensions of a bipolar plate are 24 cm × 24 cm × 0.0254 cm (which gives 











High conductivity; can carry 1 A/cm2
•
 





NREL expertise (National Center for Photovoltaics)
•
 
Bipolar plate cost reduction possible if used 
with lower grade, lower cost alloys
16





resistance of the 


























































































:F coated 441 (Original)
SnO
2
:F coated 444 (Original)
SnO
2






















































 coated 446 (Original)
SnO
2





:F coated 446 (Modified)
SnO
2
:F coated 444 (Modified)
Optimizing the SnO2
 
:F Coating for 
Lower Interfacial Contact Resistance
•
 
Original coating just simply 
added additional resistance to 
the air-formed film---thus 




Modified coating process 
reduces ICR significantly---
 shifts ICR curves of the fresh 
steels DOWN
18
Influence of Dissolved Metal Ions on the 
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Fe ion concentration, ppm
•
 
Influence of mixed Fe and 






Conductivity measured at 
80 ºC and RH 100% with 
back hydrogen pressure of 
0.103 MPa (15 psi) 
–
 
Inset shows the relationship 
of dissolved Fe and Cr ions 
coming from the corrosion 







The conductivity of the membrane material is relatively unaffected 
by Fe+3
 
metal ion concentration <100ppm (in solution).
19
Fe and Cr Ions 
Absorbed
 in Nafion 112
•
 




 (bottom) ions across the 




soaked in solutions 






is clearly more 
strongly absorbed in the 
near surface of the 
membrane.
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The Needs and Challenges of Bipolar Plates in a 
Higher Temperature (HT) PEM Environment
•
 
Desire of transportation industry + DOE 
R&D for high temperature membrane, 
however, exact environment for a HT 
PEMFC is not yet defined!
•
 
Characterization of selected stainless 







may provide some 
insight into possible issues facing bipolar 
plates in this future environment
21








































































































































0.1 V (RHE) with H2
 
purge 0.7 V (RHE) with air purge





























































composition here as 
compared to the 
passive film formed in 
PEMFC environments










Continue NREL/ORNL collaboration with 
alloy development and nitridation
•
 








Determine formability characteristics for 
alloy/coating combinations from above
24
Project Summary
9 Evaluation of metal alloys/coating combinations for fuel 
cell bipolar plates. Work involves research on corrosion 
resistance in simulated PEMFC environments, 
interfacial contact resistance testing, and surface 
characterization
9 Correlated the results with the composition of the base 
metal/coating to develop low cost metallic alloys with 
low interfacial contact resistance and excellent 
corrosion resistance in PEMFC environments
9 Determined the effect of metallic ions on the 
conductivity of membrane
9 Portion of the work is in collaboration with ORNL
25













3. Should have a more structured approach for 
determining potential alloy candidates.
-
 
This area lacks sufficient background information about the 
influence of alloy composition on the bipolar plate 
performance. Our approach is very structured in that we are 
systematically surveying alloy groups and determining the 
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